Colloidal suspensions -dispersions of small solid particles in a host liquid consisting of small molecules -dominate our daily lives. Examples of such suspensions include milk, liquid medicines, paint and ink. More recently, some of the new e-book displays involve charged particles suspended in a host liquid moving in a an electric field. Liquid crystals have given birth to a widely used display technology, It is not unnatural to combine the physics behind two of the more widespread display technologies, and inquire whether there is possible further technological potential in colloidal systems with a liquid crystalline host.
Some perspectives on this subject were explored in a wide-ranging review article by Stark [1] in 2001. It turns out that not only are there possible technological applications, but the basic physics itself involves some new concepts. A particular focus of interest has been the often complex director configuration close to the colloidal particle, involving a complicated liquid crystalline defect structure. The light-scattering induced by complex inhomogeneous order parameter structures dominates that due to simple impurity-host refractive index contrast. The light scattering changes dramatically the optical signature of the liquid crystal, even at very low colloidal concentration. The consequence is that such impure liquid crystals are useless in display devices.
Notwithstanding this dismal prognosis, in recent years there do seem to have been two particular areas of display-oriented research which have been particularly fruitful in terms of combining colloid science and liquid crystals. The suggestion in 1970 by Brochard and de Gennes [2] , according to which colloidal particles with a permanent magnetic moment would cause coupling of local moments and the nematic director, has stimulated a vigorous research programme. These systems are known as ferronematics, and further work, both experimental [3] [4] [5] and theoretical [6, 7] , seems to confirm the picture predicted by Brochard and de Gennes. Despite encouraging early results, however, the goal of a low magnetic field switchable cell still seems far off.
A system analogous to this, but in which potentially much more dramatic effects might be expected, involves ferroelectric rather than ferromagnetic colloidal particles. Such systems were first fabricated by Reznikov et al [8] , and examined in detail by Li et al [9] . These systems are the subject of this paper.
The key facts about these ferroelectric liquid crystalline colloids are as follows. In particular, the colloidal particles are extremely small, sufficiently so that the anchoring effects due to the colloidal surface average, rather than antagonise. Thus they do not scatter light in the manner described above, and are therefore essentially invisible. At low concentrations, at least in some cases, these submicron colloids appear similar to a pure liquid crystal. Furthermore, in these suspensions the dielectric response is strongly enhanced, even at low concentration of dissolved particles. This leads to higher values of effective dielectric functions of such colloids, in comparison with "pure" liquid crystals.
The anchoring mechanism seems to permit the intrinsic properties of the colloidal particles to influence the global properties of the liquid crystal host matrix. One striking feature is that often in such systems, the temperature of the isotropic-nematic phase transition is increased. The effect is that for a given temperature, the degree of nematic order is higher than in the pure system. Hence one might reasonably expect that the Frank-Oseen elastic constants (which are roughly proportional to square of the order parameter) would also increase. A consequence of the increased elastic constant should be, at least according to naive theory, an increase in the Frederiks threshold voltage at which an initially homogeneous director profile in the plane of a cell exhibits an orientational response to an electric field across the cell. But in fact an unexpected observation is that the Frederiks transition threshold voltage often does not increase, but rather exhibits a significant decrease. This paper provides a theory of this phenomenon. In a previous paper [10] , we provided a simple model of the Frederiks threshold voltage decrease. This work presents a more sophisticated version of that theory.
Inclusion shape, dielectric susceptibility and local field effects has been taken into account. Explicit expressions for effective dielectric functions of the discussed suspension are derived. We also calculate the effect of ferroelectric impurities on the Frederiks transition. Our calculations suggest, in qualitative agreement with experiment, that in some cases such doping, even at low ferroelectric particle concentration, can considerably decrease the electric Frederiks transition threshold field.
We note that the magnitude of the Frederiks threshold voltage is fundamental to operation of many liquid crystal devices.
If the Frederiks threshold voltage reductions could be reliably replicated, this would have significant implication for the manufacture of very low power LCDs and other liquid crystalline devices. It also turns out that the ferroelectric liquid crystalline colloids appear to be promising materials for use in a non-linear optics setting.
